A total of 970 expressed sequence tag (EST) clones were generated from immature female sexual organ of a liverwort, Marchantia polymorpha. The 376 ESTs resulted in 123 redundant groups, thus the total number of unique; sequences in the EST set was 717. Database search by BLAST algorithm showed that 302 of the unique sequences shared significant similarities to known nucleotide or amino acid sequences. Six unique sequences showed significant similarities to genes that are involved in flower development and sexual reproduction, such as cynarase, /im&nata-associated protein and S-receptor kinase genes. The remaining unique 415 sequences have no significant similarity with any database-registered genes or proteins. The redundant 123 ESTs implied the presence of gene families and abundant transcripts of unknown identity. Analyses of the coding sequences of 61 unique sequences, which contained no ambiguous bases in the predicted coding regions, highly homologous to known sequences at the amino acid level with a similarity score greater than 400, and with stop codons at similar positions as their possible orthologues, indicated the presence of biased codon usage and higher GC content within the coding sequences (50.4%) than that within 3' flanking sequences (41.9%).
for 1 min, and ice-cold sterilized water, and then frozen by liquid nitrogen. Poly(A) + -RNA was isolated from approximately 100 mg of the tissue using PolyATtract System 1000 (Promega). The cDNA was synthesized as described by Gubler and Hoffman 8 using cDNA synthesis plus (Amersham). The cDNA was amplified by PCR and directionally cloned into pBluescript II SK + as described previously. 9 
Nucleotide sequencing
Plasmid DNA for sequencing reaction was prepared from 2-ml overnight cultures using Wizard Plus Series 9600 (Promega). The insert size of each clone was estimated by agarose gel electrophoresis after digestion with Pvu II to eliminate clones with inserts less than 100 bp. Sequence reactions were performed using Big Dye Primer Cycle Sequencing Kit or Big Dye Terminator Cycle Sequencing Kit (PE Applied Biosystems) with a Perkin-Elmer 9700 thermal cycler (PE Applied Biosystems) or a PJ-2000 thermal cycler (Takara) followed by an automated sequencer ABI 377 (PE Applied Biosystems).
Sequence analysis
The partial sequences were edited manually to remove vector and poly(A) + sequences. Ambiguous bases were manually edited or cut off at the site after examination of the electropherogram data. Redundancy of the ESTs was first detected by a sequence comparison program, FASTA, 10 then the resulting homologous ESTs were grouped by a contig assembly program, cap, 11 at the Data Processing Center, Kyoto University, Japan. The individual contigs obtained were visually inspected, edited and reassembled to eliminate inconsistency. The ESTs were searched against the nonredundant nucleotide and amino acid sequence databases of GenomeNet, Japan, using BLAST algorithm. 12 Sequence similarities were considered significant when the optimized similarity score was 100 or greater at the amino acid level. When no similarity at the amino acid level was detected but the optimized similarity score was 200 or greater at the nucleotide level, the target sequence was considered to be significantly similar. ESTs for codon usage analysis were selected based on the following criteria. An EST must: 1) contain no ambiguous bases in the predicted coding region, 2) be highly homologous to a known sequence at the amino acid level with similarity score greater than 400, and 3) have a stop codon within 10 amino acid residues from that of its homologue. The selected sequences were joined, and codon usage of the concatenated sequence as a whole was tabulated using the software 'cusage' in the ODEN molecular evolutionary analysis system at National Institute of Genetics, Mishima, Japan. Codon visages from other organisms were retrieved from CUTG (http://www.dna.affrc.go.jp/~nakamura/CUTG.html) at National Institute of Agrobiological Resources. Tsukuba, Japan. 13 3. Results and Discussion
Library construction and sequencing
A cDNA library derived from immature female sexual organs of M. polymorpha was constructed. Singlepass sequencing from the 5' end was performed for 1000 clones with inserts greater than 100 bp that were randomly isolated from the cDNA library. Similarity search against the non-redundant nucleotide sequence database detected clones derived from ribosomal RNA (21 clones), small nuclear RNA (1 clone) and the organellar sequences (8 clones) . Sequences of the resulting 970 clones were registered as ESTs through DNA Data Bank of Japan (accession numbers C95643 through C96612) and used for further analyses. The total number of nucleotides analyzed was 500, 319 bp, and average length of the ESTs was 516 bp.
Redundancy of ESTs
Since a set of overlapping EST clones are presumably tagging the same gene, the number of such sets and the other independent non-overlapping EST clones implies the number of unique genes represented in the EST set. Sequence comparison among the EST clones revealed that 376 EST clones had overlaps with one or more EST clones and the remaining 594 EST clones were independent. Those redundant sequences were assembled into 123 independent contigs (Table 2) , thus the redundancy of the EST set was 26.1% and the number of the unique EST sequences was 717. However, it is possible that the number of the unique genes is overestimated since they could be non-overlapping fragments derived from the same genes.
Database search
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Of the 415 unidentified unique ESTs 18 had similarities to sequences in dbEST at the amino acid level detected by TBLASTX (data not shown). Although it is often difficult to determir.e the correct reading frame from an unknown EST sequence due to its limited accuracy and length, the 18 unicue ESTs could be transcripts from unidentified genes which are expressed and which share similar cellular tasks both in M. polymorpha and other organisms.
Among the putatively identified unique ESTs, 2 contigs and 4 EST clones had significant similarities to proteins involved in sexual reproduction in other organisms: Contig 49 to testis enhanced gene transcript, TEGT which is developmentally regulated in human testis, 10 Contig 121 to cynarase which is involved in floral development in cardoon, 16 clones F01D009 and F01K174 to pistil extensin-like protein, 17 clones F01A003 to FAP1 which are expected to play a role in protein degradation together with FIM during floral development in Antirrhinum^8 and F01C056 corresponding to S-receptor kinase which is involved in self incompatibility of many plants 19 (Table 1) . Products of the ESTs tagging the respective cynarase, S-receptor kinase and FAP1 may function similarly in M. polymorpha since their sequences are well conserved between M. polymorpha and the source land plants. Nevertheless, the exact molecular roles of these three genes, as well as the other two, in immature female sexual organ of M. polymorpha and their actual tissue specificity have yet to be investigated.
3-4-Redundancy and abundance of mRNA
It is very likely that redundant ESTs indeed represent mRNA species that are abundant in vivo, though the frequencies of ESTs in a cDNA library per se should not be considered to accurately reflect the actual relative abundance of the corresponding transcripts in vivo. Contigs that contain more than 2 ESTs are listed in Table 2 . Nearly one-third (40/123, 20 in Table 2 ) of the contigs were identified as transcripts for ribosomal proteins. Five different contigs tag lectin genes, but their function is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47   15  12  10  10  8  7  6  6  6  6  6  5  5  5  5  5  5  5  5  4  4  4  4  4  4  4  4  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3 
Gene families
Sequence comparison of redundant EST clones is a valuable method also to distinguish members of a multigene family. 22 The 12 groups of unique ESTs (Table 3) and contigs were revealed to share high levels of amino acid sequence similarities but relatively lower similarities at the nucleotide level among each of them (data not shown). Their divergence at the nucleotide level was too great to attribute to sequencing errors, and also, any of them were of neither chloroplast nor mitochondrial origin because such organelle-derived ESTs were rejected at the initial screening against the complete chloroplast and mitochondrial sequences of M. polymorpha (accession numbers X04465 and M68929, respectively). Another possible source of such sequence diversity is the material itself; individuals used for the mRNA preparation may have been genetically heterogeneous because they were collected from wild populations Although this possibility cannot be completely excluded, the divergence in the 3'-untranslated regions (UTRs) is still too great for diversity among individuals. Therefore, it is rational to assume the presence of gene families also in M. polymorpha through this EST analysis.
Four unique ESTs, including Contig 5 described above and three individual EST clones, were putatively identified as transcripts from an rbcS gene, but their coding sequences were not identical and, most notably, their flanking sequences were highly divergent (Fig. 2) . Similarly, eight of the ESTs originated from ribosomal protein genes are other candidates of gene family. One hundred and six ribosomal protein genes were recently shown through extensive EST analysis to form gene families in A. thaliana; 22 three of them, genes for ribosomal proteins L13, SI5a and S18, were also assumed to consist of gene families in M. polymorpha. 
Codon usage and GC content
Since there are only two nuclear genes from M. polymorpha registered in the public databases, this EST analysis was a good opportunity to obtain the information on codon usage preference in M. polymorpha. Sixty-one suitable unique EST sequences were selected, and 7333 codons were determined, as shown in Table 4 . The relative synonymous codon usage (RSCU) values 23 indicate an obvious bias in the codon usage preference in M. polymorpha, with higher GC content at the third position of the codons (61.1%) than the first and second positions (51.3% and 39.3%, respectively). Furthermore, the GC content in the coding regions (50.4%) was significantly higher than that in the 3'UTRs (41.9%). This is the first insight into the preference in translation machinery and differential base compositions in the coding and the 3'UTR sequences in M. polymorpha. Not only critical for optimizing expression of exogenous genes to be transformed, this information should be useful for predicting protein coding regions in the M. polymorpha genome, although data from 5'UTRs and splice sites are also required. [Vol. 6, 
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